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DESCRIPTION 

VEHICLE INFORMATION PROCESSING SYSTEM, VEHICLE INFORMATION 
PROCESSING METHOD, AND PROGRAM 

Technical Field 
[0001] 

The present invention relates to a vehicle information 
processing system for using a Bayesian network model to provide 
an appropriate recommendation to a recipient who receives 
the recommendation. 

Background Art 
[0002] 

With today' s dramatic expansion of the application range 
of information technology, it has become necessary to deal 
with uncertain and inexplicit information that had been hard 
for computers to process. For example, consider a 
recommendation system for Internet shopping, in which 
customer needs are read out from previous transaction history 
or customer management information, and the most appropriate 
information is recommended to a customer concerned . Although 
a customer list may be searched for the closest purchase pattern 
for the customer concerned, not all customers of the same 
age and sex necessarily have the same preferences. Also, a 
customer does not necessarily keeps on having the same 
preferences as those answered in a questionnaire submitted 
by the customer at the time of registration. Therefore, it 
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becomes necessary to predict the preferences by comprehensive 
judgment from the customer's actions (e.g., WWW browsing 
history), attributes, and questionnaire information. 
However , this does not always result in a single answer . There 
may be a plurality of recommendation candidates at the same 
time. In addition, these candidates are naturally treated 
as having vagueness and uncertainty, such as "judging from 
the previously browsed WWW pages, the user is likely to have 
an interest in football-related information." 
[0003] 

For these problems, a probabilistic framework is 
effective. A plurality of candidates may each be assigned 
the degree of certainty, such as the likelihood of having 
an interest in football-related items being 60% and the 
likelihood of having an interest in travel being 30%, so that 
the candidates may be treated with uncertainty. If the 
previously viewed page was a page about Korea for example, 
the probability of interest may be calculated for each of 
the World Cup football-related information, travel-related 
information, and cooking-related information. Then, 
information with the highest probability that the customer 
concerned has an interest therein may be provided. To 
calculate this probability, many different factors (e.g., 
a hobby answered in a questionnaire) may be taken into 
consideration to utilize the dependencies between them (e.g. , 
if the hobby is sport , it is likely that football is of interest ) . 
In this manner, more accurate prediction is possible. 
[0004] 
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As an information processing model for calculating the 
probability based on such dependencies between a plurality 
of factors , the Bayesian network has been attracting attention 
in various fields recently. The Bayesian network is a 
network- shaped probability model defined by the following 
three items: (1) random variables, (2) conditioned 
dependencies between the random variables , and ( 3 ) their 
conditional probability . The item ( 1 ) is represented by nodes , 
and (2) is represented by directed links established between 
the nodes. A node to which a link is directed is called a 
child node, and a node from which a link originates is called 
a parent node . The item ( 3 ) is a conditional probability that 
a child node has a certain value when its parent nodes have 
certain values. For discrete variables, this is expressed 
in the form of a table (a conditional probability table) that 
lists respective probability values for all states that the 
child node and the parent nodes assume, such as P (child node 
= y | parent nodes = xl , x2 , . . . ) = p. ( YoichMotomura, "Bayesian 
Net Software", Transactions of the Japanese Society for 
Artificial Intelligence, Vol. 17, No. 5, a (2002)) 
[0005] 

The above -described recommendation system may be 
implemented using the Bayesian network. Specifically, the 
relationships between attributes etc. of customers and 
objects of high interest of the customers are represented 
as a Bayesian network model based on statistical data, such 
as a questionnaire research result and purchase history 
obtained from a large number of customers varying in age. 



sex, lifestyle, and so forth. Then, the Bayesian network model 
is used to reason out an object of high interest of a customer 
from the customer's attributes and the situation, and the 
object of high interest is recommended to the customer based 
on the reasoning result . 
[0006] 

In this recommendation system, the Bayesian network model 
is generated based on the statistical data obtained from 
various customers. Therefore, it is considered that the 
conditions for determining the object to be recommended, such 
as the customer attributes and the situation, have a small 
influence on the recommendation. For example, if the 
condition for determining the object to be recommended is 
"customer' s attribute: father" , data obtained from customers 
having the attribute "father" is part of the entire statistical 
data from which the Bayesian network model was generated. 
The influence of the condition "father" on the model is 
therefore smaller than that on a model generated based on 
statistical data obtained only from customers having the 
attribute "father." Studies are currently proceeding to 
sufficiently reflect conditions for determining the 
recommendation object in the recommendation result and to 
make more accurate recommendation. 
[0007] 

In the light of the above-described background, the 
present invention aims to provide a vehicle information 
processing system that allows more appropriately obtaining 
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a recommendation to be provided to a recipient who receives 
the recommendation . 

Disclosure of the Invention 
[0008] 

A vehicle information processing system of the present 
invention is a vehicle information processing system for using 
a Bayesian network model to provide a probabilistically 
appropriate recommendation to a recipient who receives the 
recommendation, the recipient being an occupant. The system 
comprises: a model storage unit containing a plurality of 
different Bayesian network models depending on the 
recommendation-condition , wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a model determining unit for 
determining a model corresponding to the 

recommendation-condition as an application model from the 
models stored in the model storage unit; a reasoning unit 
for reading out the application model determined by the model 
determining unit from the model storage unit and for obtaining 
a recommendation through probabilistic reasoning that uses 
the read-out application model; and a recommending unit for 
providing the recommendation obtained by the reasoning unit 
to the recipient . 
[0009] 

In the vehicle information processing system of the 
present invention, the model storage unit may contain a 
plurality of different Bayesian network models depending on 
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the attribute of the recipient, and the model determining 
unit may determine a model corresponding to the attribute 
of the recipient as the application model. Also, the model 
storage unit may contain a plurality of different Bayesian 
network models depending on the situation in which the 
recommendation is provided, and the model determining unit 
may determine a model corresponding to the situation in which 
the recommendation is provided as the application model. 
[0010] 

The vehicle information processing system of the present 
invention may comprise a select -model storage unit containing 
a select -model applied to probabilistic reasoning for 
determining the application model from the models based on 
the attribute of the recipient and the situation in which 
the recommendation is provided. The model determining unit 
may determine the application model through the probabilistic 
reasoning that uses the select -model read out from the 
select-model storage unit, based on the attribute of the 
recipient and the situation in which the recommendation is 
provided. 
[0011] 

The vehicle information processing system of the present 
invention may comprise: a response receiving unit for 
receiving a response made by the recipient when the 
recommending unit provides the recommendation obtained by 
the reasoning unit from the application model; and a model 
learning unit for learning models stored in the model storage 
unit using the response received by the response receiving 



unit and for updating the models to models specialized for 

each recommendation-condition. 

[0012] 

The vehicle information processing system of the present 
invention may comprise a learning model information storage 
unit containing the learning models in association with the 
application model applied to the probabilistic reasoning in 
the reasoning unit , wherein the learning models comprises , 
among the models stored in the model storage unit , a model 
identical with the application model and a different model 
influenced by the result of the reasoning that uses the 
application model. The model learning unit may learn models 
using the response received by the response receiving unit , 
wherein the models are associated with the application model 
as the learning models in the learning model information 
storage unit. The learning model information storage unit 
may contain reflection parameters indicating the degree to 
which the response is reflected in learning of the learning 
models, wherein each reflection parameter may be set for each 
of a plurality of learning models corresponding to one 
application model. The model learning unit may perform 
learning processing such that a reflection parameter 
associated with a learning model to be learned is read out 
from the learning model information storage unit and the 
response is reflected in the learning model to the degree 
according to the read-out reflection parameter. 
[0013] 



The vehicle information processing system of the present 
invention may comprise a learning data obtaining unit for 
obtaining learning data used in learning by which the models 
specialized for each recommendation-condition through the 
learning by the model learning unit is brought closer to a 
general model . The model learning unit may use the learning 
data obtained by the learning data obtaining unit to learn 
models stored in the model storage unit. The system may also 
comprise a learning reflection parameter storage unit 
containing learning reflection parameters indicating the 
degree to which the learning data is reflected in learning 
of models . The model learning unit may perform learning 
processing such that the learning data is reflected in learning 
of the models to the degree according to the learning reflection 
parameters read out from the learning reflection parameter 
storage unit. 
[0014] 

The vehicle information processing system of the present 
invention may comprise: information recommending devices, 
each having the recommending unit; and a center device 
communicatively connected with the information recommending 
devices . The center device may collect from each information 
recommending device the response received from the recipient 
when the recommendation is provided. 
[0015] 

A vehicle information processing system in another aspect 
of the present invention is a vehicle information processing 
system for using a reasoning algorism to reason out a 



recommendation appropriate for a recipient who receives the 
recommendation and for providing the recommendation obtained 
through the reasoning. The system comprises: a resource 
storage unit containing a plurality of different resources 
for calculation depending on the recommendation-condition, 
wherein the recommendation- condition is a condition on the 
recipient side who receives a recommendation; a resource 
determining unit for determining a resource for calculation 
corresponding to the recommendation-condition from the 
resources for calculation stored in the resource storage unit ; 
a reasoning unit for reading out the resource for calculation 
determined by the resource determining unit from the resource 
storage unit and for obtaining a recommendation through 
reasoning that uses the read- out resource for calculation; 
and a recommending unit for providing the recommendation 
obtained by the reasoning unit to the recipient. 
[0016] 

A vehicle information recommending device of the present 
invention is a vehicle information recommending device for 
using a Bayesian network model to provide a probabilistically 
appropriate recommendation to a recipient who receives the 
recommendation, the recipient being an occupant. The device 
comprises: a model storage unit containing a plurality of 
different Bayesian network models depending on the 
recommendation-condition , wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a model determining unit for 
determining a model corresponding to the 
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recommendation -condition as an application model from the 
models stored in the model storage unit; a reasoning unit 
for reading out the application model determined by the model 
determining unit from the model storage unit and for obtaining 
a recommendation through probabilistic reasoning that uses 
the read-out application model; and a recommending unit for 
providing the recommendation obtained by the reasoning unit 
to the recipient. The vehicle information recommending 
device of the present invention may be provided in a car. 
[0017] 

A vehicle information processing method of the present 
invention is a method for using a Bayesian network model to 
provide a probabilistically appropriate recommendation to 
a recipient who receives the recommendation, the recipient 
being an occupant . The method comprises : a model determining 
step of determining a model corresponding to the 
recommendation-condition as an application model from a 
plurality of different Bayesian network models depending on 
the recommendation-condition, wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a reasoning step of obtaining 
a recommendation through probabilistic reasoning that uses 
the application model determined in the model determining 
step; and a recommending step of providing the recommendation 
obtained in the reasoning step to the recipient. 
[0018] 

A program of the present invention is a program for using 
a Bayesian network model to provide a probabilistically 
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appropriate recommendation to a recipient who receives the 
recommendation , the recipient being an occupant . The program 
causes a computer to perform: a model determining step of 
determining a model corresponding to the 

recommendation-condition as an application model from a 
plurality of different Bayesian network models depending on 
the recommendation -condition, wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a reasoning step of obtaining 
a recommendation through probabilistic reasoning that uses 
the application model determined in the model determining 
step; and a recommending step of providing the recommendation 
obtained in the reasoning step to the recipient. 
[0019] 

As will be described below, the present invention has 
other embodiments. Therefore, the above disclosure of the 
invention is intended to provide part of the present invention 
and not to limit the scope of the claimed invention. 

Brief Description of the Drawings 
[0020] 

Figure 1 is a diagram showing a configuration of an 
information processing system in a first embodiment; 

Figure 2 is a diagram showing a configuration of a content 
providing device in the first embodiment; 

Figure 3 is a diagram showing exemplary data stored in 
a content information storage unit in the first embodiment; 
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Figure 4 is a diagram showing an exemplary model stored 
in a model storage unit in the first embodiment; 

Figure 5 is a diagram showing exemplary data stored in 
a learning model table storage unit in the first embodiment; 

Figure 6 is a diagram showing a configuration of a center 
device in the first embodiment; 

Figure 7 is a diagram showing operations of the 
information processing system in the first embodiment; 

Figure 8 is a diagram showing exemplary data stored in 
the learning model table storage unit in a second embodiment; 

Figure 9 is a diagram showing operations of the 
information processing system in the second embodiment; 

Figure 10 is a diagram showing a configuration of the 
center device in a third embodiment; 

Figure 11 is a diagram showing a configuration of the 
content providing device in the third embodiment; 

Figure 12 is a diagram showing operations of the 
information processing system in the third embodiment; and 

Figure 13 is a diagram showing a configuration of the 
center device according to a variation. 

Best Mode for Carrying Out the Invention 
[0021] 

The present invention will be described in detail below. 
However, the detailed description below and the appended 
drawings do not limit the present invention. The scope of 
the present invention is defined by the appended claims. 
[0022] 
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A vehicle information processing system of the 
embodiments is a vehicle information processing system for 
using a Bayesian network model to provide a probabilistically 
appropriate recommendation to a recipient who receives the 
recommendation, the recipient being an occupant. The system 
comprises : a model storage unit containing a plurality of 
different Bayesian network models depending on the 
recommendation-condition , wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a model determining unit for 
determining a model corresponding to the 

recommendation-condition as an application model from the 
models stored in the model storage unit; a reasoning unit 
for reading out the application model determined by the model 
determining unit from the model storage unit and for obtaining 
a recommendation through probabilistic reasoning that uses 
the read- out application model; and a recommending unit for 
providing the recommendation obtained by the reasoning unit 
to the recipient . 
[0023] 

A plurality of different models depending on the 
recommendation-condition such as the attribute of the 
recipient are stored, and a model corresponding to the 
recommendation-condition is read out from these models and 
applied to probabilistic reasoning. In this manner, an 
appropriate recommendation can be accurately obtained under 
the recommendation -condition at different times. 
[0024] 
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In the vehicle information processing system, the model 
storage unit may contain a plurality of different Bayesian 
network models depending on the attribute of the recipient, 
and the model determining unit may determine a model 
corresponding to the attribute of the recipient as the 
application model. 
[0025] 

In this manner, different models depending on the 
attribute of the recipient can be applied to the probabilistic 
reasoning, and an appropriate recommendation can be obtained 
according to the attribute of the recipient . 
[0026] 

In the vehicle information processing system, the model 
storage unit may contain a plurality of different Bayesian 
network models depending on the situation in which the 
recommendation is provided, and the model determining unit 
may determine a model corresponding to the situation in which 
the recommendation is provided as the application model. 
[0027] 

In this manner, different models depending on the 
situation in which the recommendation is provided can be 
applied to the probabilistic reasoning, and an appropriate 
recommendation can be obtained according to the situation 
in which the recommendation is provided. 
[0028] 

The vehicle information processing system may comprise 
a select -model storage unit containing a select -model applied 
to probabilistic reasoning for determining the application 
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model from the models based on the attribute of the recipient 
and the situation in which the recommendation is provided. 
The model determining unit may determine the application model 
through the probabilistic reasoning that uses the 
select -model read out from the select -model storage unit, 
based on the attribute of the recipient and the situation 
in which the recommendation is provided. 
[0029] 

In this manner, by determining the application model 
from the models through the probabilistic reasoning that uses 
the select -model , an application model can be selected that 
allows obtaining an appropriate recommendation according to 
conditions such as the attribute of the recipient and the 
situation in which the recommendation is provided, even if 
a plurality of models have not been generated according to 
explicit variables such as the attribute of the recipient 
and the situation in which the recommendation is provided. 
[0030] 

The vehicle information processing system may comprise: 
a response receiving unit for receiving a response made by 
the recipient when the recommending unit provides the 
recommendation obtained by the reasoning unit from the 
application model; and a model learning unit for learning 
models stored in the model storage unit using the response 
received by the response receiving unit and for updating the 
models to models specialized for each 
recommendation-condition . 
[0031] 
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In this manner, the models stored in the model storage 
unit are learned based on the response of the recipient , so 
that the models in the model storage unit are updated to 
specialized models suitable for the probabilistic reasoning 
under the recommendation-condition. Therefore, the models 
stored in the model storage unit can be used to appropriately 
obtain a recommendation. 
[0032] 

The vehicle information processing system may comprise 
a learning model information storage unit containing the 
learning models in association with the application model 
applied to the probabilistic reasoning in the reasoning unit , 
wherein the learning models comprises , among the models stored 
in the model storage unit, a model identical with the 
application model and a different model influenced by the 
result of the reasoning that uses the application model. The 
model learning unit may learn models using the response 
received by the response receiving unit , wherein the models 
are associated with the application model as the learning 
models in the learning model information storage unit . 
[0033] 

In this manner, the response of the recipient to the 
recommendation obtained from the application model can be 
used to appropriately learn not only the application model 
but also other models . Therefore , a plurality of models stored 
in the model storage unit can be efficiently learned. 
[0034] 
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In this vehicle information processing system, the 
learning model information storage unit may contain 
reflection parameters indicating the degree to which the 
response is reflected in learning of the learning models, 
wherein each reflection parameter may be set for each of a 
plurality of learning models corresponding to one application 
model. The model learning unit may perform learning 
processing such that a reflection parameter associated with 
a learning model to be learned is read out from the learning 
model information storage unit and the response is reflected 
in the learning model to the degree according to the read- out 
reflection parameter. 
[0035] 

In this manner, since the response is reflected in the 
learning models to the degree according to the reflection 
parameters, the degree to which the model itself applied to 
the reasoning is reflected in that model can be made higher 
than the degree of reflection of other models, for example. 
As another example, when a learning model is associated with 
two different application models, the learning model can be 
assigned different degree of reflection for each application 
model. Thus, it is possible to set variable amounts of 
influence of the response on the models, thereby allowing 
appropriate model learning. 
[0036] 

The vehicle information processing system may comprise 
a learning data obtaining unit for obtaining learning data 
used in learning by which the models specialized for each 
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recommendation- condition through the learning by the model 
learning unit is brought closer to a general model . The model 
learning unit may use the learning data obtained by the learning 
data obtaining unit to learn the models stored in the model 
storage unit . 
[0037] 

In this manner, aspects of the general model can be added 
to the specialized models suitable for the probabilistic 
reasoning under the recommendation-condition , so that a model 
can be generated that allows reasoning incorporating general 
preferences. Therefore, the proceeding of specialization of 
the models can be appropriately limited. 
[0038] 

The vehicle information processing system may comprise 
a learning reflection parameter storage unit containing 
learning reflection parameters indicating the degree to which 
the learning data is reflected in learning of the models. 
The model learning unit may perform learning processing such 
that the learning data is reflected in learning of the models 
to the degree according to the learning reflection parameters 
read out from the learning reflection parameter storage unit . 
[0039] 

In this manner , the degree to which the specialized models 
stored in the model storage unit are brought closer to the 
general model can be set. 
[0040] 

The vehicle information processing system may comprise: 
information recommending devices , each having the 
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recommending unit; and a center device communicatively 
connected with the information recommending devices . The 
center device may collect from each information recommending 
device the response received from the recipient when the 
recommendation is provided. 
[0041] 

In this manner, since the center device collects 
responses received at a plurality of information recommending 
devices, general responses of many recipients to a 
recommendation can be known. 
[0042] 

A vehicle information processing system in another aspect 
of the embodiments is a vehicle information processing system 
for using a reasoning algorism to reason out a recommendation 
appropriate for a recipient who receives the recommendation 
and for providing the recommendation obtained through the 
reasoning. The system comprises: a resource storage unit 
containing a plurality of different resources for calculation 
depending on the recommendation-condition, wherein the 
recommendation-condition is a condition on the recipient side 
who receives a recommendation; a resource determining unit 
for determining a resource for calculation corresponding to 
the recommendation- condition from the resources for 
calculation stored in the resource storage unit; a reasoning 
unit for reading out the resource for calculation determined 
by the resource determining unit from the resource storage 
unit and for obtaining a recommendation through reasoning 
that uses the read-out resource for calculation; and a 
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recommending unit for providing the recommendation obtained 

by the reasoning unit to the recipient. 

[0043] 

A plurality of different resources for calculation 
depending on the recommendation-condition such as the 
attribute of the recipient are stored, and a resource for 
calculation corresponding to the recommendation-condition 
is read out from these resources for calculation and applied 
to probabilistic reasoning. In this manner, an appropriate 
recommendation can be accurately obtained under the 
recommendation-condition at different times. The "resource 
for calculation" herein refers to a resource used in 
calculation of a reasoning algorithm. For example, it may 
be a knowledge base in the case of the expert system, or a 
neural network with many interconnected neuron models in the 
case of the neural network. 
[0044] 

A vehicle information recommending device of the 
embodiments is a vehicle information recommending device for 
using a Bayesian network model to provide a probabilistically 
appropriate recommendation to a recipient who receives the 
recommendation, the recipient being an occupant. The device 
comprises: a model storage unit containing a plurality of 
different Bayesian network models depending on the 
recommendation-condition, wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a model determining unit for 
determining a model corresponding to the 
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recommendation-condition as an application model from the 
models stored in the model storage unit; a reasoning unit 
for reading out the application model determined by the model 
determining unit from the model storage unit and for obtaining 
a recommendation through probabilistic reasoning that uses 
the read-out application model; and a recommending unit for 
providing the recommendation obtained by the reasoning unit 
to the recipient . 
[0045] 

In this manner, an appropriate recommendation can be 
accurately obtained as in the case of the above -described 
vehicle information processing system. It is also possible 
to apply the features of the above-described vehicle 
information processing system to the vehicle information 
recommending device of the embodiments. 
[0046] 

The vehicle information recommending device of the 
embodiments may be provided in a car. 
[0047] 

In this manner, appropriate information likely to be 
accepted by the driver is recommended. Therefore, the need 
to repeatedly receive information is eliminated, and the 
burden on the driver who receives information is reduced. 
This contributes to safe driving. 
[0048] 

A vehicle information processing method of the 
embodiments is a method for using a Bayesian network model 
to provide a probabilistically appropriate recommendation 
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to a recipient who receives the recommendation, the recipient 
being an occupant . The method comprises : a model determining 
step of determining a model corresponding to the 
recommendation -condition as an application model from a 
plurality of different Bayesian network models depending on 
the recommendation-condition, wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a reasoning step of obtaining 
a recommendation through probabilistic reasoning that uses 
the application model determined in the model determining 
step; and a recommending step of providing the recommendation 
obtained in the reasoning step to the recipient . 
[0049] 

In this manner, an appropriate recommendation can be 
accurately obtained as in the case of the above-described 
vehicle information processing system. It is also possible 
to apply the features of the above -described vehicle 
information processing system to the vehicle information 
processing method of the embodiments. 
[0050] 

A program of the embodiments is a program for using a 
Bayesian network model to provide a probabilistically 
appropriate recommendation to a recipient who receives the 
recommendation , the recipient being an occupant . The program 
causes a computer to perform: a model determining step of 
determining a model corresponding to the 

recommendation-condition as an application model from a 
plurality of different Bayesian network models depending on 
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the recommendation-condition, wherein the 

recommendation-condition is a condition on the recipient side 
who receives a recommendation; a reasoning step of obtaining 
a recommendation through probabilistic reasoning that uses 
the application model determined in the model determining 
step; and a recommending step of providing the recommendation 
obtained in the reasoning step to the recipient. 
[0051] 

In this manner, an appropriate recommendation can be 
accurately obtained as in the case of the above-described 
vehicle information processing system. It is also possible 
to apply the features of the above -described vehicle 
information processing system to the program of the 
embodiments . 
[0052] 

Now, the vehicle information processing system in the 
embodiments will be described below using the drawings. The 
following description adopts a system in which a content 
providing device in a vehicle provides songs appropriate for 
a user. However, objects recommended by the vehicle 
information processing system of the present invention are 
not limited to songs. For example, the vehicle information 
processing system of the present invention may be applied 
to a recommendation system for recommending restaurants or 
events appropriate for a user. The vehicle information 
processing system of the present invention is not limited 
to a system provided in a vehicle but may be applied to a 
system in which a personal computer at home or a mobile phone 
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carried by a user provides a recommendation appropriate for 

the user. 

[0053] 

Figure 1 is a diagram showing a configuration of an 
information processing system 10 in an embodiment. The 
vehicle information processing system (hereafter referred 
to as the "information processing system") 10 includes a 
plurality of content providing devices 20, each being 
communicatively connected with a center device 50 . A content 
providing device 20 is a device that selects songs appropriate 
for its user, who is an occupant of the vehicle, and that 
auto-plays the selected songs. The center device 50 is a 
device that aggregates data about user responses obtained 
by the content providing devices 20. 
[0054] 

Figure 2 is a diagram showing a configuration of a content 
providing device 20 . The content providing device 20 includes 
a recommending unit 22 for recommending content to the user, 
an operating unit 24 for receiving operations from the user, 
a data transmitting/receiving unit 26 for communicating with 
the center device 50 and a control unit 28 for controlling 
the entire content providing device 20 . The content providing 
device 20 also includes a content information storage unit 
38 containing content information, a model storage unit 40 
containing Bayesian network models and a learning model table 
storage unit 4 2 containing information about learning models 
in association with application models. 
[0055] 
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The recommending unit 22 has a function of recommending 
content to the user. The hardware of the recommending unit 
22 includes a speaker for outputting the sound of songs, and 
a display for displaying a song title, an artist name, and 
so forth. 
[0056] 

The operating unit 24 has a function of receiving 
operations from the user. The operating unit 24 receives an 
operation for selecting an application model for use in 
probabilistic reasoning of content, and receives responses 
to the recommended content. The hardware of the operating 
unit 24 includes buttons for instructing start, stop, 
fast -forward, etc. of the sound, and a volume control knob. 
For selection of an application model, candidate models are 
displayed on the recommending unit 22 so that the application 
model is selected with the fast-forward and rewind buttons. 
For reception of a response, information about operations 
on the buttons and the volume control knob is obtained to 
judge the response. 
[0057] 

The data transmitting/receiving unit 26 has a function 
of wirelessly communicating with the center device 50. The 
content providing device 20 and the center device 50 can 
communicate with each other via, for example, a mobile phone 
network. 
[0058] 

The content information storage unit 38 contains a 
plurality of content information items potentially 
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recommended to the user. The content providing device 20 
selects content appropriate for the user from the content 
stored in the content information storage unit 38 and provides 
the selected content to the user. 
[0059] 

Figure 3 is a diagram showing exemplary content 
information stored in the content information storage unit 
38. As shown in Figure 3, the content information storage 
unit 38 contains song titles , genres , rankings , and song data. 
Although the description of the present embodiments assumes 
as an example that the song data is stored in the content 
information storage unit 38, the content providing device 
20 may not necessarily have the song data. For example, once 
songs to be recommended to the user are selected, data about 
the selected songs may be obtained via a network or from an 
external disk. 
[0060] 

Referring back to Figure 2, the model storage unit 40 
has a function of storing models used for obtaining the content 
appropriate for the user. The model storage unit 40 contains 
three models, i.e. , a model A, a model B, and a model C, depending 
on the recommendation- condition. The 

recommendation-condition refers to a condition on the 
recipient side who receives a recommendation. Each model 
stored in the model storage unit 40 is suitable for performing 
the probabilistic reasoning under the corresponding 
recommendation-condition. The present embodiments assumes 
that the recommendation -condition is the attribute of users 
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in a vehicle, wherein the model A is for the father, the model 
B is for the mother , and the model C is for the family . Therefore , 
for example, the model A is suitable for obtaining content 
to be recommended to the father through the probabilistic 
reasoning. The models A to C are all general models before 
learning is performed in the content providing device 20. 
Applying the models A to C under the corresponding 
recommendation-condition and performing learning using 
responses thereto makes the models specialized for the 
recommendation-condition. Although the model storage unit 
40 herein contains three models, the number of the stored 
models is not limited to three. 
[0061] 

Figure 4 is a diagram showing an exemplary model stored 
in the model storage unit 40 . As shown in Figure 4 , the Bayesian 
network model has a node Nl for a user, a node N2 for content, 
node N3 for a situation , and a node N4 for a response , connected 
with each other via another node by links indicating 
dependencies of the conditional probability. The response 
node N4 is a node for predicting a user response. 
[0062] 

Now, the control unit 28 in the content providing device 
20 will be described. In the control unit 28 shown in Figure 
2, a Bayesian reasoning unit 30 has a function of using a 
model stored in the model storage unit 40 to obtain the content 
appropriate for the user through the probabilistic reasoning . 
The Bayesian reasoning unit 30 reads out a model determined 
by a model determining unit 34 from the model storage unit 
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40 and uses the read-out model to perform the reasoning. The 
reasoning method implemented by the Bayesian reasoning unit 
30 will be described using the model shown in Figure 4 . First , 
the Bayesian reasoning unit 30 sets values for the nodes Nl 
to N3 . Information such as the user's age, sex, and musical 
preference , for example , is set for the user node Nl . A content 
information item that is read out from the content information 
storage unit 38 is set for the content node N2 . Information 
such as the time and the running location, for example, is 
set for the situation node N3 . The Bayesian reasoning unit 
30 determines the score of the response node N4 based on 
probability propagation from the nodes Nl to N3 . The Bayesian 
reasoning unit 30 sequentially reads out content information 
items from the content information storage unit 38 and repeats 
the above -described operations to determine the score of each 
content item. The Bayesian reasoning unit 30 selects content 
appropriate for the user based on the determined scores. 
[0063] 

In the control unit 28, a Bayesian learning unit 32 has 
a function of learning models using user responses. A user 
response refers to user- input information about whether or 
not to accept content, and it is observed information. The 
Bayesian learning unit 32 modifies the dependencies of the 
conditional probability in the models based on the responses 
and updates the models to models that allow more accurately 
obtaining the content appropriate for the user's preference 
under the recommendation-condition corresponding to the 
models. That is, the models stored in the model storage unit 
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40 are updated to specialized models suitable for the 
probabilistic reasoning under the corresponding 
recommendation-condition . 
[0064] 

In the control unit 28, the model determining unit 34 
has a function of determining a model used for the reasoning 
based on model selection information that is input via the 
operating unit 24, and a function of determining models to 
be learned referring to a learning model table stored in the 
learning model table storage unit 42. 
[0065] 

Figure 5 is a diagram showing exemplary data stored in 
the learning model table storage unit 42 . The learning model 
table storage unit 42 contains the association between 
application models and learning models . An application model 
is a model applied to the probabilistic reasoning for obtaining 
content appropriate for the user. A learning model is a model 
to be learned using responses to the recommended content. 
For instance, in the example shown in Figure 5, if the model 
A is the application model, the models A and C are the learning 
models. Therefore, responses to content obtained using the 
model A for the father are used to learn the model A for the 
father and the model C for the family. Since the father's 
responses to the content obtained using the model A for the 
father are reflected in the model A, the model A becomes a 
model that allows more appropriately obtaining the content 
suitable for the father 1 s preference . The father 1 s responses 
also affect the model C for the family because the father 
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is a member of the family. Therefore, the model C for the 

family is also set as a learning model. 

[0066] 

In the control unit 28, a response transmitting unit 
36 has a function of transmitting responses received via the 
operating unit 24 to the center device 50. The response 
transmitting unit 36 transmits all received responses. In 
the example of the present embodiments, all responses of the 
father, mother, and family are transmitted. 
[0067] 

Figure 6 is a diagram showing a configuration of the 
center device 50. The center device 50 includes a data 
transmitting/receiving unit 52 for communicating with the 
content providing devices 20 and a control unit 54 for 
controlling the entire device. The center device 50 also 
includes a response information storage unit 60 for 
accumulating responses transmitted from the content providing 
devices 20 and a general model storage unit 62 for containing 
a general model generated based on the responses accumulated 
in the response information storage unit 60. 
[0068] 

The response information storage unit 60 has a function 
of accumulating information about responses transmitted from 
the content providing devices 20. The response information 
transmitted from a plurality of content providing devices 
20 is aggregated in the response information storage unit 
60. 

[0069] 
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In the control unit 54, a model generating unit 56 has 
a function of reading out the response information accumulated 
in the response information storage unit 60 and generating 
a Bayesian network model based on the read-out response 
information. The model generated here is a general model 
without a specific recommendation-condition for content. 
The model generating unit 56 has a function of storing the 
generated model in the general model storage unit 62. 
[0070] 

In the control unit 54, a model delivering unit 58 has 
a function of reading out the general model stored in the 
general model storage unit 62 and delivering the read-out 
model to the content providing devices 20. The model 
delivering unit 58 may deliver the general model either at 
the request of the content providing devices 20 or on a regular 
basis . 
[0071] 

Now, operations of the information processing system 
10 in a first embodiment will be described. 
[0072] 

Figure 7 is a diagram showing operations of the 
information processing system 10 in the first embodiment. 
First, in order to auto-play songs, each content providing 
device 20 determines a model for obtaining content appropriate 
for the user ( S10 ) . The content providing device 20 determines 
one model out of the three models stored in the model storage 
unit 40. In this embodiment, the content providing device 
20 displays on the recommending unit 22 information about 
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the models stored in the model storage unit 40 receives a 
selection of a model via the operating unit 24. Here, it is 
assumed that a selection of the model A for the father is 
received via the operating unit 24. The model determining 
unit 34 is informed of the information received via the 
operating unit 24 and determines the model for obtaining the 
content . 
[0073] 

Then, the Bayesian reasoning unit 30 in the content 
providing device 20 performs the probabilistic reasoning 
using the determined model A and obtains the content 
appropriate for the user ( S12 ) . The content information items 
sequentially read out from the content information storage 
unit 38 are set for the node N2 of the model A, and the score 
of the response node N4 is calculated for each content item 
based on the probability propagation from the nodes Nl to 
N3 . The content with the highest response score is selected 
as the content to be recommended. The Bayesian reasoning unit 
30 may obtain a song with the highest score or a plurality 
of songs with a score above a certain value. If the auto-play 
is to be performed for a long duration, several songs are 
preferably selected to fit to the auto-play duration. The 
content providing device 20 recommends the content to the 
user by playing the obtained songs (S14). 
[0074] 

Then, the Bayesian learning unit 32 in the content 
providing device 20 receives responses from the user (S16). 
The Bayesian learning unit 32 receives the responses from 
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the user via the operating unit 24 and judges the responses 
from the type of the operations. For example, if a song being 
played is stopped, the response indicates that the recommended 
content is not accepted, whereas if a song being played is 
listened to through or if the volume is increased, the response 
indicates that the recommended content is accepted. 
[0075] 

Then, the model determining unit 34 in the content 
providing device 20 selects learning models (S18). In the 
present case, since the model A for the father is applied 
to the reasoning , the models A and C are selected as the learning 
models from the information in the learning model table storage 
unit 42 shown in Figure 5. The Bayesian learning unit 32 in 
the content providing device 20 learns the models A and C 
using the user responses received via the operating unit 24 
(S20) . 
[0076] 

Then, the content providing device 20 determines whether 
or not to terminate the content recommendation processing 
(S22). For example, the determination whether or not to 
terminate the content recommendation processing may be made 
based on whether or not the vehicle has reached the destination . 
If it is determined that the content recommendation processing 
is not terminated, the operation of the content providing 
device 20 transits to step S12 to determine the next song 
to be played through the probabilistic reasoning. 
[0077] 
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If it is determined that the content recommendation 
processing is terminated, the response transmitting unit 36 
in the content providing device 20 transmits the user responses 
received via the operating unit 24 to the center device 50 
(S24). The responses transmitted here include information 
about the user responses themselves, as well as information 
about the user attribute, situation, and content attribute. 
[0078] 

The center device 50 receives the responses transmitted 
from the content providing device 20 (S26) and accumulates 
the received responses in the response information storage 
unit 60. The center device 50 accumulates the responses 
transmitted from a plurality of content providing devices 
20. 

[0079] 

After a certain amount of response information is 
accumulated in the response information storage unit 60, the 
model generating unit 56 in the center device 50 reads out 
the response information from the response information 
storage unit 60 and generates a Bayesian network model using 
the read-out response information ( S30 ) . The model generated 
here is a general model without a specific 
recommendation-condition. The model generating unit 56 
stores the generated model in the general model storage unit 
62. The model delivering unit 58 in the center device 50 
delivers the general model stored in the general model storage 
unit 62 either at the request of the content providing device 
20 or on a regular basis. 
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[0080] 

Thus, the information processing system 10 in the first 
embodiment has been described. 
[0081] 

In the information processing system 10 of the first 
embodiment, each content providing device 20 contains a 
plurality of different models depending on the user attribute 
in the model storage unit 40. These models are suitable for 
obtaining content to be recommended to the user having the 
corresponding attribute through the probabilistic reasoning . 
The content providing device 20 reads out a model corresponding 
to the attribute of the user from the models stored in the 
model storage unit 40 and uses the read-out model to obtain 
the content to be recommend to the user through the 
probabilistic reasoning. Therefore, content highly 
satisfactory to the user can be obtained. That is, the 
information processing system 10 can accurately obtain the 
appropriate content. This allows reduction in the number of 
the user's reattempts to receive a content recommendation, 
thereby reducing the burden on the driver and contributing 
to safe driving. 
[0082] 

The learning model table storage unit 4 2 contains the 
association between the application models and models to be 
learned using responses to the content reasoned out by the 
respective application models . Since the Bayesian learning 
unit 32 in the content providing device 20 refers to the 
learning model table storage unit 42 to determine the learning 
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models, it can learn the models affected by the responses. 
Since the learning model table storage unit 42 contains 
information about a plurality of learning models for each 
application model, a plurality of models can be efficiently 
learned based on one response. 
[0083] 

The center device 50 aggregates the response information 
obtained in each content providing device 20 in the response 
information storage unit 60 and generates the general model 
using the aggregated response information. Therefore, the 
general model reflecting the latest behavior can be obtained. 
The center device 50 delivers the general model to the content 
providing device 20, so that the content providing device 
20 can perform the probabilistic reasoning using the general 
model . 
[0084] 

Now, the information processing system 10 in a second 
embodiment of the present invention will be described. The 
information processing system 10 in the second embodiment 
is similar to the information processing system 10 in the 
first embodiment in its basic configuration, except for the 
information stored in the learning model table storage unit 
42. 

[0085] 

Figure 8 is a diagram showing exemplary data stored in 
the learning model table storage unit 4 2 in the second 
embodiment. As shown in Figure 8, the learning model table 
storage unit 42 contains information about the application 
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models and the learning models, as well as reflection 
parameters* A reflection parameter indicates the degree to 
which the user responses are reflected in a learning model. 
The reflection parameters can be used to adjust the degree 
to which the responses are reflected in the respective models . 
For example, if the application model is the model A for the 
father, the degree to which the learning using responses to 
this model is reflected in the model C for the family is "0.2", 
whereas the degree to which responses obtained using the model 
C is reflected in the model C is "1." 
[0086] 

Figure 9 is a diagram showing operations of the 
information processing system 10 in the second embodiment. 
The information processing system 10 in the second embodiment 
is similar to the first information processing system 10 in 
its basic operations. However, the operations in the second 
embodiment are different from those in the first embodiment 
in that the reflection parameters are also read out when the 
learning models are selected from the learning model table 
storage unit 42 (S18) . The Bayesian learning unit 32 in each 
content providing device 20 learns the models using the 
read-out reflection parameters (S20). 
[0087] 

In the information processing system 10 of the second 
embodiment, appropriate learning is possible by learning the 
models using the parameters indicating the degree to which 
the responses are reflected in the models. For example, if 
the contributions of the father and mother to the model C 
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for the family are different, the degree of reflection of 
the responses obtained with the models A and B may be set 
according to the respective amounts of contribution, as shown 
in Figure 8 . In this manner, the model C can be appropriately 
learned . 
[0088] 

Now, the information processing system 10 in a third 
embodiment of the present invention will be described. The 
information processing system 10 in the third embodiment is 
similar to the information processing system 10 in the first 
embodiment in its basic configuration. However, it is 
different in that the center device 50 generates learning 
data for bringing models closer to the general model based 
on the response information aggregated from a plurality of 
content providing devices 20, and delivers the learning data 
to the content providing devices 20. The content providing 
devices 20 learn models stored in the model storage unit 40 
based on the learning data transmitted from the center device 
50. 

[0089] 

Figure 10 is a diagram showing a configuration of the 
center device 50 in the information processing system 10 in 
the third embodiment . In addition to the configuration of 
the center device 50 in the first embodiment , the center device 
50 in the third embodiment includes a learning data generating 
unit 64, a learning data delivering unit 66, and a learning 
data storage unit 68. The learning data generating unit 64 
has a function of generating the learning data for bringing 
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the learning models closer to the general model based on the 
response information stored in the response information 
storage unit 60. The learning data storage unit 68 has a 
function of storing the learning data generated in the learning 
data generating unit 64. The learning data delivering unit 
66 has a function of reading out the learning data stored 
in the learning data storage unit 68 and delivering the learning 
data to the content providing devices 20. 
[0090] 

Figure 11 is a diagram showing a configuration of the 
content providing device 20 in the information processing 
system 10 in the third embodiment. In addition to the 
configuration of the content providing device 20 in the first 
embodiment, the content providing device 20 in the third 
embodiment includes a reflection parameter storage unit 44 
containing reflection parameters indicating the degree to 
which the learning data transmitted from the center device 
50 is reflected in the models . A reflection parameter defines 
the degree to which a model stored in the model storage unit 
40 is brought closer to the general model. The Bayesian 
learning unit 32 in the control unit 28 uses the reflection 
parameters read out from the reflection parameter storage 
unit 44 to determine the degree to which the learning data 
is reflected in the models and learns the models according 
to the determined degree . For example , the Bayesian learning 
unit 32 performs learning using the learning data as many 
times as set by a reflection parameter. A larger value of 
reflection parameter results in a larger number of times of 
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learning, thereby a greater degree of reflection of the 

learning data in the model. 

[0091] 

Figure 12 is a diagram showing operations of the 
information processing system 10 in the third embodiment. 
As in the case of the first or second embodiment, each content 
providing device 20 recommends content to the user and receives 
responses from the user (S40). Then, the content providing 
device 20 transmits the received responses to the center device 
50 (S42). The center device 50 receives the responses via 
the data transmitting/receiving unit 52 (S44) and accumulates 
the received responses in the response information storage 
unit 60 (S46) . 
[0092] 

The learning data generating unit 64 in the center device 
50 reads out the responses accumulated in the response 
information storage unit 60 , generates the learning data using 
the read-out responses, and stores the generated learning 
data in the learning data storage unit 68 (S48) . The learning 
data delivering unit 66 in the center device 50 delivers the 
learning data stored in the learning data storage unit 68 
to the content providing device 20 (S50). 
[0093] 

The content providing device 20 obtains the learning 
data by receiving the learning data transmitted from the center 
device 50 (S52) . The Bayesian learning unit 32 in the content 
providing device 20 uses the received learning data to learn 
models stored in the model storage unit 40 (S54). At this 
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point, the Bayesian learning unit 32 reads out the reflection 
parameters from the reflection parameter storage unit 44 and 
causes the learning data to be reflected based on the degree 
defined by the read-out reflection parameters. 
[0094] 

In the third embodiment, the learning data for learning 
models is generated based on the response information 
aggregated from the content providing devices 20, to which 
the generated learning data is then delivered. The content 
providing devices 20 use the delivered learning data to learn 
models. Therefore, the specificity of the models depending 
on the recommendation -condition can be reduced, and the 
specialized models suitable for the probabilistic reasoning 
under the recommendation-condition can be brought closer to 
the general model . 
[0095] 

Thus, the information processing system of the present 
invention has been described in detail with respect to the 
embodiments. However, the present invention is not limited 
to the described embodiments. 
[0096] 

The above embodiments have assumed that the content 
providing device 20 includes the Bayesian reasoning unit 30 
and the Bayesian learning unit 32, and the content providing 
device 20 reasons out the content appropriate for the user 
and learns the models. Alternatively, the center device 50 
may include the Bayesian reasoning unit 30 and the Bayesian 
learning unit 32. 
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[0097] 

Figure 13 is a diagram showing a configuration of the 
center device 50 including the Bayesian reasoning unit 30 
and the Bayesian learning unit 32. As shown in Figure 13, 
the center device 50 includes a model storage unit 78 containing 
models used for selecting content to be recommended, and a 
content information storage unit 80 containing content 
information. The model storage unit 78 contains a plurality 
of models used in each content providing device 20 and a 
learning model table indicating learning models . The control 
unit 54 in the center device 50 includes a model determining 
unit 74 for determining a model applied to the probabilistic 
reasoning, a Bayesian reasoning unit 70 for selecting content 
to be recommended, a content delivering unit 76 for delivering 
the selected content, and a Bayesian learning unit 72 for 
learning models. In the information processing system 
including this center device 50, each content providing unit 
20 transmits model selection information received via the 
operating unit 24 to the center device 50. The center device 
50 uses the model indicated by the selection information to 
obtain the content appropriate for the user, and delivers 
the obtained content to the content providing device 20 . The 
content providing device 20 transmits received responses to 
the center device 50, which then learns the models. In this 
manner, the information processing system including the 
content providing devices 20 with a simple configuration can 
be realized. 
[0098] 
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The above embodiments have been described for the case 
in which the information processing system 10 includes the 
center device 50 . However , the information processing system 
10 may not necessarily include the center device 50. Rather, 
the information processing system of the present invention 
may be implemented only with the content providing devices 
20 shown in Figure 2. 
[0099] 

The above embodiments have been described by taking one 
of user attributes as exemplary recommendation-condition 
corresponding to a plurality of models stored in the model 
storage unit 40. However, other user attributes, such as the 
age, sex, and occupation, may be used as the 
recommendation-condition. The recommendation-condition is 
not limited to the user attributes but may be, for example, 
the situation at the time of recommendation. The situation 
at the time of recommendation may be the day of a week when 
the recommendation is received, the time of a day when the 
recommendation is received, the state of mind at the time 
the recommendation is received, and so forth. 
[0100] 

Although the above embodiments have been described by 
taking songs as an exemplary recommendation, the 
recommendation is not limited to songs. For example, the 
recommendation may be the genre, artist name, and so forth. 
If the amount of the content stored in the content information 
storage unit 38 is large, the genre may be obtained as a 



- 44 - 



recommendation, for example, and the content information may 

be narrowed down by the obtained genre. 

[0101] 

In the above -described embodiments, the method of 
determining a model for obtaining the content to be recommended 
involves the case in which the user selects the model . However , 
the model determination method is not limited to the method 
involving user selection . For example , the content providing 
device 20 may automatically determine the model by detecting 
the user from information about a key used by the user to 
start the vehicle. 
[0102] 

The above embodiments have been described for the case 
in which different models are used depending on the attribute 
such as the father and the mother, so that each model is 
specialized. However, the models may not be generated based 
on explicit criteria. In that case, probabilistic reasoning 
using a select -model may be used to determine the model to 
be applied to the reasoning. That is, a select -model for 
determining the model to be applied to the reasoning is stored 
in a storage unit to be ready for use . A plurality of observed 
variables such as user attributes and the current situation 
are input to the select -model read out from the storage unit, 
and the model to be applied to the reasoning is determined 
through the probabilistic reasoning. In this manner, the 
model can be selected based on a combination of various 
attributes and situations , rather than based on an explicit 
variable such as an attribute or the situation. This allows 
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accurate recommendation. Since the model selected in this 
manner is updated to a specialized model by learning, a model 
that allows more accurate recommendation can be generated. 
In addition , since the select -model is also updated by learning , 
a more appropriate model can be selected and the accuracy 
of the reasoning can be increased. 
[0103] 

The above embodiments have been described for the case 
in which the model storage unit 40 contains three models of 
A to C , out of which the model to be used is determined . However , 
it is also possible to generate a new model. For example, 
to generate a model for a child, the content providing device 
20 receives the general model from the center device 50 and 
stores the received general model as a model D in the model 
storage unit 40 . Content to be recommended is obtained through 
the probabilistic reasoning using the model D, and responses 
from the child to the content are used to learn the model 
D. By repeating the learning of the model D several times, 
a model that allows reasoning of content appropriate for the 
child's preference is generated. 
[0104] 

The information processing system of the present 
invention can be realized by causing a computer to execute 
a program having modules implementing the components of the 
information processing system in the above -described 
embodiments . Such a program is also included in the scope 
of the present invention. 
[0105] 
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It is to be understood that while the preferred 
embodiments of the present invention conceivable at present 
have been described, many variations may be made thereto. 
The appended claims are intended to cover all such variations 
that fall within the true spirit and scope of the present 
invention . 

Industrial Applicability 
[0106] 

The present invention is useful as a recommendation 
system and so forth for using a Bayesian network model to 
provide a probabilistically appropriate recommendation. 



